This paper challenges what is the standard account of UK unemployment, namely that the major swings in unemployment over the past 25 years are due predominantly to movements in the underlying empirical "natural rate of unemployment" (NRU) or NAIRU. Our analysis suggests that the British NRU has remained reasonably stable through time and that the medium-run swings in unemployment are due, instead, to very prolonged after-effects of persistent (transitory but long-lasting) shocks. We argue that (a) past UK labour market shocks have prolonged after-effects on unemployment due to interactions among different lagged adjustment processes in the labour market, (b) many of the important shocks that have hit the UK labour market over the past 25 years have been persistent, and (c) the persistence of the shocks is complementary to the persistence of the lagged adjustment processes in generating movements of UK unemployment.
Introduction
This paper challenges what is the standard account of UK unemployment, namely that the major swings in unemployment over the past 25 years are due predominantly to movements in the underlying "natural rate of unemployment" (NRU) or NAIRU. In the empirical literature, the NRU is estimated as the unemployment rate at which there is no tendency for the unemployment rate to change, given the values of the exogenous variables in the labour market model. Analogously, the NAIRU is estimated as the unemployment rate at which there is no tendency for the inflation rate to change, given the values of the exogenous variables. Although this paper will focus on the NRU, for brevity, our analysis can be shown to apply equally well to the NAIRU.
It has often been observed that UK unemployment, much like unemployment in most continental European countries, varies more between business cycles than within them. Whereas the variations within business cycles are often attributed to temporary shocks, the variations between business cycles are usually ascribed to changes in the empirical NRU.
In contrast to this dominant view, the analysis of this paper suggests that the NRU has remained reasonably stable across business cycles over the past three decades and that the medium-run swings in unemployment are due, instead, to very prolonged after-effects of persistent shocks. By "persistent" shocks, we mean ones that are transitory but long-lasting. They cover the middle ground between the standard "temporary" shocks (changes in exogenous variables lasting for one period of analysis) and "permanent" shocks (changes lasting forever) that are common in the literature. Our analysis of prolonged after-effects of shocks is a development of the "chain reaction theory" of unemployment, 1 in which labour market shocks lead to a chain reaction of unemployment effects, working their way through a network of lagged adjustment processes. We believe that this approach is able to shed new light on unemployment movements not just in the UK, but in many other OECD countries as well.
Our analysis provides three highly interrelated explanations for the evolution of UK unemployment over the medium run (extending over several business cycles):
• The analysis indicates that given labour market shocks have prolonged aftereffects on unemployment, due to the interactions among different lagged adjustment processes in the labour market. These adjustment processes -affecting employment, wage setting, and labour force participation decisions -are shown to be complementary to one another in propagating the unemployment effects through time.
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• We argue that many of the important shocks that have hit the UK labour market over the past 25 years (e.g. the oil price and tax rate shocks) have been persistent, but not permanent -often lasting for half a decade or more.
• We show that the persistence of the shocks is complementary to the persistence of the lagged adjustment processes in generating movements in unemployment.
In our analysis the interaction among different lagged adjustment processes, and between the network of adjustment processes (on the one hand) and the persistent shocks are responsible for much of the major swings in unemployment over the past few decades.
Our analysis has potentially important policy conclusions. Since the empirical models of the NRU associate the major swings in unemployment with changes in the natural rate, they imply that only policies that affect the natural rate -such as the level of unemployment benefits, union density, or tax rates -are able to influence the prominent movements of unemployment. However our analysis, by associating unemployment fluctuations with the prolonged after-effects of persistent shocks, implies that policies which influence the adjustment speeds of labour market decisions -such as job counselling, job security legislation, employment subsidies for the long-term unemployed 3 -may also have an important role to play in treating unemployment.
The paper is organized as follows. Section 2 summarizes our approach and describes its relation to the relevant literature. Section 3 presents a simple underlying theoretical framework of analysis. Section 4 describes our empirical model of the UK labour market. Section 5 examines the dynamic responses of the unemployment rate to temporary and persistent shocks in this context. Finally, Section 6 derives the empirical NRU for our model, and shows how persistent shocks drove the actual unemployment rate away from the natural rate for substantial periods of time.
Our Approach and Its Relation to the Literature
Our study is motivated by what we perceive to be difficulties in interpreting the movement of UK unemployment through the purview of the currently dominant theories of unemployment. In most empirical variants of the natural rate hypothesis, unemployment can be decomposed into two components: a natural rate at which unemployment is static (given the values of the exogenous variables) and short-run fluctuations around it. Since it is implausible to attribute the long swings of UK unemployment to short-run fluctuations, changes in the natural rate must, according to this story, be the driving force behind the major ups and downs of British unemployment. The interpretational difficulty with this approach is that it is not easy to explain why the UK natural rate should have remained so high for much of the 1980s, despite the many labour market reforms of the Thatcher government and despite the fact that the 1980s were one of the UK's longest sustained booms of the postwar period. Nor is it easy to explain why the UK natural rate should have declined so precipitously in the late 1980s, only to rise equally rapidly in the early 1990s. Business cycle conditions doubtlessly tell part of the required story, but it is nevertheless puzzling that the UK natural rate should have responded so readily to these cyclical fluctuations since 1988, when it was so slow to respond to them in the first part of the 1980s.
Another possible explanation for the swings in UK unemployment lies in the hysteresis hypothesis, which asserts that short-run unemployment fluctuations automatically become transformed into long-run changes, since unemployment dynamics are characterized by a unit root. The difficulty with this approach is that hysteresis combined with random labour market shocks implies that unemployment follows a random walk, so that the unemployment rate hits 0% or 100% with certainty within a finite time period. In fact, however, UK unemployment rates have tended to remain within a relatively narrow band, lying between 2% and 12%.
Prolonged Effects of Labour Market Shocks
This paper offers a different explanation. Focusing on the UK labour market, we argue that the empirical natural rate in this country has exhibited far greater stability than the actual unemployment rate over the past 25 years and that much of the low-frequency movements in unemployment are due to prolonged effects of persistent shocks.
Although persistence mechanisms which prolong the effects of labour market shocks have received much attention in the macroeconomic literature over the past decade, they are generally not put forward as an explanation for unemployment movements over the longer run (say, between 5 to 25 years). The reason is that in most empirical models 4 that combine unemployment persistence with a natural rate of unemployment or NAIRU, much of the after-effect from temporary shocks disappears after 1-3 years. Within this context, unemployment persistence clearly cannot account for a gradual rise in unemployment over much longer time periods. A good number of contributors, however, have recognized the importance of persistence mechanisms in explaining the prolonged effects of labour demand shocks on European unemployment, but have not motivated these mechanisms in terms of interactions among different lagged adjustment processes.
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We will argue that the natural rate and NAIRU models greatly under-estimate the persistence in the unemployment effects of temporary labour market shocks, and that they significantly over-estimate the effect of these shocks on the long-run unemployment rate. On the other hand, we contend that the hysteresis models over-estimate the persistence in the unemployment effects of temporary shocks, and do not take sufficient account of the persistence of the shocks themselves.
Most of this existing empirical literature on unemployment persistence rests on highly aggregative models, predominantly single-equation unemployment autoregressions. This paper, by contrast, examines unemployment persistence in the context of a multi-equation model of labour demand, wage setting, and labour 4 See, for example, Blanchard and Summers (1986) and Layard, Nickell, and Jackman (1991, p.433 ff) .
5 Bean (1994) emphasises that "there seems to be an important role for propagation mechanisms that lead temporary shocks to have persistent effects on unemployment" (p.614). But he does not consider the interplay among such mechanisms; instead he stresses that "the most important persistence mechanism is in my view likely to hinge on the characteristics or behaviour of the unemployed" (Ibid).
force participation. Each of these equations is characterized by lags which exert complementary influences on unemployment persistence.
In this context, temporary shocks give rise to a chain reaction of lagged adjustments, working their way through a network of largely complementary lagged effects. The resulting degree of unemployment persistence is much larger than that which can be captured in the single-equation unemployment autoregressions. Within this framework, we will provide an empirical account of UK unemployment which suggests that the long-run UK unemployment rate did not track the actual unemployment rate closely and that the prolonged divergences between the two can be explained in terms of persistent shocks working their way through a network of lagged adjustment processes.
Persistent Shocks
When the prevailing literature on natural rate of unemployment, the NAIRU, and hysteresis analyzes the persistent effects of labour market shocks, focus is predominantly on temporary shocks. In the standard hysteresis models, these temporary shocks are portrayed as responsible for all the observed unemployment movements.
6 In the natural rate and NAIRU models of unemployment persistence, these temporary shocks are responsible for temporary (though possibly prolonged) variation of the actual unemployment rate around its natural rate or NAIRU.
We argue that the standard practice, in the latter models, of dividing labour market shocks into temporary ones (whose effects might persist) and permanent ones (whose effects are embodied in the long-run unemployment equilibrium) has led the prevailing literature to under-emphasize the role of shocks which are persistent (transitory but not permanent). Over the past 25 years, the labour markets of the UK and many other OECD countries have experienced some very powerful shocks of the persistent, but not permanent, variety: the oil price shocks of the mid-70s and early 80s, the interest rate shocks of the late 80s and early 1990s, and tax rate shocks of the late 70s and early 80s, just to name a few prominent ones. Each of these shocks lasted for periods of half a decade or more. It is these types of shocks that are the primary focus of our analysis.
In our labour market model, 7 as in the standard natural rate and NAIRU models of unemployment persistence, there is a unique long-run equilibrium unemploy-ment rate, depending on the long-run values of the model's exogenous variables. In this context, persistent shocks are not relevant to the long-run labour market equilibrium; 8 but we show that when they work through a network of largely complementary lagged adjustment processes, they may drive the unemployment rate away from its long-run equilibrium for substantial periods of time.
Furthermore, as we will show, the dynamic unemployment effect of these persistent shocks depends strongly on where these shocks originate, viz, whether they are labour demand shocks, wage setting shocks, or labour force participation shocks.
The Theoretical Framework
We now consider a very simple theoretical framework for the analysis of labour market adjustment dynamics. The framework is only illustrative of some lagged adjustment processes occurring in labour demand, wage setting, and labour force participation decisions. Our analysis is in the spirit of recent theoretical models of aggregate labour market activity (e.g. Layard, Nickell and Jackman (1991) , Lindbeck and Snower (1989) , Nickell (1995) , and Taylor (1979) ).
We consider a labour market containing a fixed number of identical firms with monopoly power in the product market. The i'th firm has a production function of the form q S i;t = Ae ® i;t kī ;t , where q S i;t is output supplied, e i;t is employment, k i;t is capital, A;¯are positive constants, and 0 < ® < 1. Each firm faces a product demand function of the form q
, where Y t stands for exogenous variables driving aggregate product demand (such as real money balances), F is the number of firms, P i;t is the price charged by firm i, P t is the aggregate price level, and´is the price elasticity of product demand (a positive constant).
To derive the firm's labour demand function, we observe that the firm sets its employment at the profit maximizing level, at which the marginal revenue from producing an extra unit of output is equal to the corresponding marginal cost (for a given capital stock). The marginal revenue is MR i;t = P i;t
The marginal cost is MC i;t = W i;t ³ @e i;t @q i;t´» i;t , where W i;t is the wage paid by the firm,
is the marginal labour requirement, and » i;t is an employment adjustment parameter (to be defined immediately below). For the production function above, the marginal product of labour (the inverse of the marginal labor requirement) is @q i;t @e i;t = ®Ae −(1−®) i;t kī ;t . For simplicity, we let the employment adjustment parameter be » i;t = (e i;t =e i;t−1 )°. Supposing that the quit rate is sufficiently high so that firms need to hire employees in each period in order to achieve their profit maximizing employment level, the employment adjustment parameter » it may be interpreted in terms of a training cost of adjustment : When°= 0 (so that » i;t = 1), the adjustment cost is zero; and when°> 0 (so that » i;t > 1), the adjustment cost is positive.
Thus the marginal cost is MC i;t =
;t » i;t : Setting the marginal revenue equal to the marginal cost, we obtain the firm's labour demand function:
Aggregating all the individual firms' labour demand functions and taking logarithms (so that E t = log (F e i;t ) and K t = log (F k i;t )) and observing that in the labour market equilibrium P i;t = P t and W i;t = W t , we obtain the following aggregate employment equation:
where
, and a K =1 +°−® . The parameter a E will be called the "employment inertia coefficient." (Note that since 0 < ® < 1; eq.(1) is dynamically stable.) When the adjustment cost is zero (°= 0), the employment inertia coefficient is zero; when the adjustment cost is positive (°> 0), the employment inertia coefficient is positive as well.
Next we derive a price equation. For this purpose, we begin by rewriting eq. (1) in terms of the aggregate price level as follows:
where e P t = log (P t ) ; and e Ω t = log (W t ) : Into this equation we substitute a product market clearing condition. Since aggregate product supply is F Ae ® i;t kī ;t and aggregate product demand is Y t , this product market clearing condition is F Ae ® i;t kī ;t = Y t : Taking logs, defining c = log ¡ AF 1−®−¯¢ and y t = log (Y t ) ; and rearranging gives:
Substituting this equation into eq. (1a) yields the following price equation:
Our model of wage setting behavior, follows the wage staggering literature, particularly in the spirit of Taylor (1979) ). In accord with the regular setup, suppose that each wage contract lasts for two periods and the contracts are evenly staggered. Let Ω t be the log of the contract wage negotiated at the beginning of period t for periods t and t + 1. The model of contract wages is given quite simply by
where y t represents aggregate demand, " t is a strict white noise process,°> 0; and "b" over a variable stands for the expectation of that variable conditional on the information available at time t − 1. The coefficient b 1 indicates how forward-or backward-looking the contract is.
In the conventional way, aggregate demand (y t ) is assumed to depend on real money balances (m t − e Ω t ), and this relation may be expressed in the form of a money demand function:
(where m t ; e Ω t ; and v t are the logs of the money supply, the aggregate wage level, and a shock, respectively). Following Taylor (1979) , we assume that the policy rule for money supply is given by m t = g e Ω t : Thus, the simple aggregate demand relation is:
The average wage is e Ω t = 1 2
(Ω t + Ω t−1 ) : Taking conditional expectations of the above model and assuming that Ω t is monotonically stable yields a solution of the form Ω t = b w Ω t−1 + " t , where b w < 1:
9 Consequently, the average wage is
In particular,
We now combine this nominal wage equation with a price equation in order to derive a real wage equation. Substituting y t = −µ e Ω t + v t into eq.(1b), we find that the aggregate price level may be expressed as e P t =¸1 e Ω t +¸2 e Ω t−1 + ¹ t ; where ¹ t is a vector of exogenous variables, and
Using this price equation along with the nominal wage equation above, the real wage may be expressed as
where w t represents the log of real aggregate wage, and ² t = 1 2
(" t + " t−1 ). This equation is the wage setting equation. The coefficient b w may be called the "wage staggering coefficient."
The labour force participation decision equates the marginal return from being in the labour force with the associated marginal cost of entering into or exiting from the labour force. For simplicity, let the marginal return per capita (in logs) from being in the labour force be given by d+(E t − L t )+w t , where L t is the size of the labour force (in logs). Furthermore, let the marginal cost per capita (in logs) of entering into or exiting from the labour force be given by
where c 2 ; c 3 > 0; and c 3 < c 2 . Setting the marginal return equal to the marginal cost and using the approximation that
where u t is the unemployment rate (not in logs), we obtain our labour force participation equation:
(Note that since c 3 < c 2 ; eq. (4) is dynamically stable.) The coefficient c L may be called the "labour force inertia coefficient."
Equations (1)-(4) describe our illustrative labour market system, containing various lagged adjustment processes. In the next section we proceed to the empirical evidence, and examine how these lagged adjustment processes interact with one another and with the dynamic structure of the labour market shocks to generate long swings in unemployment.
An Empirical Model of the UK Labour Market
First consider the raw data. Figure 1a describes the UK unemployment rate over the sample period. It is evident that this unemployment rate has been subject to lengthy fluctuations, rising in step-like fashion in the mid-1970s and then again in the early 1980s, then falling in the late 1980s, rising in the early 1990s, and finally falling since 1993. Figure 1b describes (the logs of) employment and labour force. Observe that neither of these two time series mirrors the unemployment fluctuations closely. Employment appears to be characterized by significant serial correlation, but it also seems much more responsive to the cyclical swings in national product than is the unemployment rate. Thus the long swings in unemployment are due not just to prolonged employment adjustments, but to prolonged labour supply adjustments as well.
Along the lines of the theoretical framework in the previous section, our empirical model of the UK labour market describes unemployment in terms of the difference between the equilibrium labour force and equilibrium employment; it explains equilibrium employment and the equilibrium real wage in terms of the intersection between a labour demand curve and a wage setting curve; and it explains the equilibrium labour force in terms of the labour supply at the equilibrium real wage. The empirical model was estimated using annual data for the sample period of 1964-97. The variables are defined in Table 1 and the estimated system in given in Table 2 , where the employment equation (T1), the wage setting equation (T2), and the labour force participation equation (T3) may be viewed as the empirical counterparts to equations (1), (2), and (4) in the previous section.
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The equations were estimated using the autoregressive distributed lag (ARDL) approach to cointegration analysis, developed by Pesaran and Shin (1995) , Pesaran (1997) , and Pesaran, Shin and Smith (1996) . According to Pesaran and Shin (1995) "...the traditional ARDL approach justified in the case of trend-stationary regressors, is in fact equally valid even if the regressors are first-difference stationary". Once the order of the ARDL has been specified, the long-run relation of the variables is given by the steady-state solution of the estimated equation.
This approach has two significant advantages over the usual one of using cointegration techniques to test for the existence of long-run relations and then to 10 Noting that labour and capital are not the only available factors of production and that the sample period describes the medium-run -rather than the long-run -properties of employment, there was no reason to restrict the long-run coefficient of the capital stock to unity in the labor demand equation.
In the labour supply equation, the restriction that the long-run elasticity of working age population is unity could not be rejected at the 5% size of the test.
In the wage equation, the use of the replacement ratio instead of benefits per person as an explanatory variable will only result in a renormalization of the equation.
estimate the short-run dynamics and the adjustment mechanism towards the equilibrium through an error correction model. First, since our analysis aims to assess the empirical importance of lagged adjustment processes, it is useful to depict these processes in terms of coefficients of lagged endogenous variables, which can be given a straightforward economic interpretation, as illustrated in the previous section. Second, the ARDL approach is applicable regardless of whether the regressors are I(0) or I(1), and thus does not involve the pre-testing problems that surround cointegration analysis.
The equations of the system, selected on the basis of the Akaike Information Criterion or the Schwarz Bayesian Criterion, pass the CUSUM and CUSUMSQ tests for structural stability. As shown in the misspecification tests of Table  3 , the equations consist of stationary, well-specified linear combinations of the variables used. We then estimated the preferred specifications as a system using 3SLS (equations (T4)-(T6) in Table 4 ) in order to take into account potential endogeneity and cross equation correlation.
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In the context of the estimated labour market system in Table 4 , we now proceed with its dynamic responses to shocks with various temporal structures. Figure 2a shows the dynamic unemployment responses to temporary shocks in the labour demand, wage setting, and labour force equations. Each of these shocks is considered one at a time, occurs in year 1 and lasts for just a year. The shocks are normalized so that their immediate impact is to raise the unemployment rate by one percentage point in year 1. 12 Observe that the three shocks give rise to markedly different dynamic unemployment responses.
Dynamic Unemployment Responses to Labour Market Shocks
13 The temporary labour demand shock leads to a gradual fall of the unemployment rate, so that 90% of the 11 Observe that the OLS and 3SLS estimates of our labour market model are very similar. 12 Naturally, in order for the unemployment rate to rise in the initial period, the labour demand shock must be negative,whereas the wage setting and labour supply shocks must be positive.
13 Since the labour market system consists of equations which satisfy the stability conditions, the effects of all the shocks considered in this section gradually disappear regardless of the initial conditions, once the exogenous variables are held constant. In addition, for the purposes of computing the unemployment responses, it does not matter at what levels the exogenous variables are held constant for the following reason. Since the system is linear, the values of the exogenous variables do not affect the difference between unemployment in the presence and absence of the shock.
initial unemployment effect has worn off after 4 years. By contrast, the temporary real wage shock at first generates a rise in the unemployment rate, followed by a gradual fall and eventually overshooting: after its initial rise unemployment falls well beneath its original level (before the occurrence of the shock), and then oscillates towards this level, completing 90% of the adjustment after 12 years. Finally, the labour supply shock leads to pronounced overshooting so that it now takes 10 years for 90% of the adjustment to work itself out. Figure 2b illustrates the dynamic unemployment responses to MA(4) shocks in the labour demand, wage setting, and labour force equations. These five-year shocks are normalized in the same way as above. Observe that, in contrast to the temporary shocks, the unemployment rate now continues to rise for several years after the MA(4) shocks are initiated. It takes 8, 17, and 19 years for 90% of the adjustment in response to the five-year labour demand, wage setting, and labour supply shocks to work themselves out, respectively.
Figures 2c and 2d show the dynamic unemployment responses to AR(1) shocks with autoregressive parameters of 0.2 and 0.8, respectively. As the figures illustrate, the greater is the AR(1) parameter, (a) the greater is the number of years over which the unemployment rate rises after the shock is initiated, (b) the smaller the tendency for overshooting in response to the labour supply shock, and (c) the greater the number of years required for a given percentage of the initial unemployment effect to have dissipated itself. For an AR(1) shock with autoregressive parameter 0.2 in labour demand, wage setting, and labour supply, it takes 10, 15, and 10 years, respectively, for 90% of the unemployment adjustment to have worked itself out; whereas for an AR(1) shock with autoregressive parameter 0.8, it takes 15, 23, and 18 years, respectively.
These simulation exercises illustrate dramatically that transient shocks, working their way through a network of lagged labour market adjustment processes, may have very prolonged after-effects on unemployment. We have suggested that a major reason why these unemployment effects last so long is that the lagged adjustment processes tend to be complementary to one another, in the sense that a shock has a more prolonged influence on unemployment when the adjustment processes are simultaneously operative and interacting with one another than when these processes are operative in isolation. To capture these complementarities empirically, let us compare the joint influence of these processes with the sum of their individual influences.
The individual influences may be derived as follows. Our empirical model contains four lagged adjustment processes, described by the following coefficients: (i) the "employment inertia coefficients," associated with the lagged employment terms in the labour demand equation, (ii) the "wage staggering coefficients," given by the lagged wage terms in the wage setting equation, (iii) the "labour force inertia coefficients," described by the lagged labour force terms in the labour supply equation, and (iv) the "discouraged worker coefficients" given by the unemployment change term (∆u t ) in the labour supply equation. We consider the influences of these individual effects in response to a particular shock: a temporary (oneperiod) real wage shock.
To derive how unemployment responds to this shock in the presence of the employment inertia effect alone, we simulate a labour market system that differs from the empirical model above only in that the wage staggering, labour force inertia, and discouraged worker effects are absent (viz, w t−i = w t in the wage setting equation, u t−i = u t and L t−i = L t in the labour supply equation). The unemployment responses in the presence of each of the other individual lagged effects may be derived analogously. In this way, each lagged effect may be associated with a time series of unemployment responses to the temporary real wage shock.
Next we sum all these time series of unemployment responses and normalize the shock so that its immediate (first-period) impact is to raise unemployment by one percentage point. The resulting time series, which may be interpreted as the unemployment response when the lagged adjustment processes are operating in isolation from one another, is illustrated in Figure 3a . As shown, it takes 4 years for 90% of the initial unemployment impact to wear out. We have seen, however, that when all the lagged adjustment processes are simultaneously operative, it takes 12 years for 90% of the adjustment to work itself out. The difference between the 12-year and the 4-year period may considered a temporal measure of the complementarities among the lagged adjustment processes.
Finally, we have suggested that the swings in unemployment may also be prolonged through the interaction between the persistence of labour market shocks and the persistence of the temporal propagation mechanism (i.e. the prolonged unemployment responses arising from the network of lagged adjustment processes). We capture this interaction empirically with reference to an MA(4) real wage shock.
To measure the individual contribution of shock persistence to unemployment persistence, we derive the time series of unemployment responses to the MA(4) wage shock in the absence of all lagged adjustment processes (viz, we set E t−i = E t in the employment equation, w t−i = w t in the wage setting equation, L t−i = L t and u t−i = u t in the labour supply equation). Next, to measure the individual contribution of the temporal propagation mechanism to unemployment persistence, we derive the time series of unemployment responses to a temporary (one-period) wage shock in the presence of all the lagged adjustment processes. Summing these two contributions -the contribution of shock persistence and of the persistence in the temporal propagation mechanism -and normalizing the shock so that its immediate (first-period) impact is to raise unemployment by one percentage point, we obtain the unemployment time series illustrated in Figure 3b . It may be interpreted as the unemployment response when the persistence of the shocks and the persistence of the temporal propagation mechanism are operating in isolation from one another. As shown in the figure, it takes 12 years for 90% of the initial unemployment impact to wear out. Yet we have seen that when the network of lagged adjustment processes interact with the persistence of the shock, it takes 17 years for 90% of the initial unemployment impact to wear out.
With this background on the role of complementarities between different lagged adjustment processes and complementarities between these adjustment processes and shock persistence, we are now in a position to examine the role of adjustment dynamics and the natural rate of unemployment in accounting for the movement of unemployment in the UK.
The Role of Adjustment Dynamics and the Natural Rate of Unemployment
Although our estimated system passes the standard econometric tests, it has a high level of aggregation, both sectorally and temporally, and thus it is wise to view it in the same light as the theoretical framework, namely, as simply illustrative of some major labour market adjustment processes. Within this context, we proceed to explore the degree to which the movements in UK unemployment may be attributed to changes in the NRU versus prolonged dynamic responses to persistent shocks. Our specification of the NRU is quite standard in the empirical literature: it is the equilibrium unemployment rate at which the unemployment rate has no tendency to change, given the permanent components of the exogenous variables. In this sense, it represents the unemployment that would be achieved once all the lagged adjustment processes have been completed.
14 To derive it, let us express the estimated labour market system of Table 4 as
(5b)
where B is the backshift operator, and
Using the above equations together with the definition u t = L t − E t ; we derive the "reduced form" unemployment rate equation:
If the lagged adjustment processes (governing the movements of the endogenous variables) had worked themselves out in each time period, B would be equal exogenous ones, such as the capital stock. Thus, the estimate of the NRU inevitably depends on the choice of endogenous and exogenous variables. Regardless of how these sets of variables are chosen, empirical labour market system models generally contain exogenous variables that move in accordance with some (unspecified) adjustment processes. The levels of these variables are taken as given at each point in time when the NRU is computed.
15 The underlying system is
where ∆ is the difference operator, and the¯'s are the estimated parameters.
to unity in equations (5a-5c) and the endogenous variables would then be
The corresponding unemployment rate is
Observe that the above is just the long-run solution of the dynamically stable
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"reduced form" unemployment rate eq. (5d). Therefore, eq. (6d) can be interpreted as a cointegrated vector, i.e [u t − right hand side of (6d)]∼ I (0).
16 Eq. (5d) is dynamically stable since it can be shown that the polynomial
satisfies the stability conditions. To see this note that Φ 1 ; Φ 2 ; and Φ 3 are polynomials in the B operator which satisfy the stability conditions. In particular, observe that for Φ 3 these conditions are as follows:
Using the above, and taking into account that our estimated¯1 7 is negative, it is not difficult to see that [Φ 3 −¯1 7 (1 − B)] also satisfies the stability conditions, namely that:
Furthermore, note that (i) linear combinations of polynomials in B which satisfy the stability conditions will also be stable, and (ii) products of polynomials in B which satisfy the stability conditions will also be stable. Therefore eq. (5d) is dynamically stable.
Since the movements in the NRU are meant to reflect permanent labour market shocks but not transitory ones, we substitute the permanent components of the exogenous varibles in eq. (6d) to derive the NRU. (Our estimates of the NRU will inevitably reflect our interpretation of which changes in the exogenous variables were permanent and which were temporary.) Figures 4 describe the time series of (the logs of) the exogenous variables. The real oil price (p oil t ) and the indirect tax rate (¿ I t ) may be interpreted as I(0), so that fluctuations in these exogenous variables are taken to be temporary and thus not part of the NRU. Thus, in computing the NRU, these exogenous variables are assumed to follow ARMA stochastic processes and, consequently, their simulated time path converges to the unconditional mean of the ARMA equation fitted to the specific data series.
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Observe however that the fluctuations in these variables are quite persistent: the oil price shock lasted for over a decade, as did the second indirect tax shock.
By contrast, the other exogenous variables -the capital stock (K t ), the population (Z t ), and social security benefits (b t ) -may all be interpreted as I(1) processes. We capture their permanent components by using a Hodrick Prescott (HP) filter, and we use the HP smoothed series in the computation of the NRU. This procedure is broadly in accord with the conventional wisdom on the determinants of the NRU. Our only exception to this treatment of the exogenous variables concerns the growth rate of the capital stock. It is not reasonable to believe -particularly in the light of post-sample experience -that the growth rate of the capital stock follows a sharply declining trend into the indefinite future. Thus we make the common, plausible assumption that the downward blip in this growth rate over the the 1991-97 period (pictured in Fig. 4c ) was temporary. Accordingly, our HP smoothed series of the capital stock presupposes that the growth rate of the capital stock (∆K t ) remains constant at its 1990 value during the period 1990-97. 
where d t is a dummy variable equal to one during 1974-1985, zero otherwise, and captures the persistent oil price shock (to compute the NRU we set d t = 0). 18 In particular, to capture the permanent component of the capital stock we (i) set ∆K t constant at its 1990 value during the period 1990-97, (ii) use the HP filter to obtain the smoothed series ¡ ∆K HP t ¢ , and (iii) generate the smoothed capital stock series by using the identity K Substituting the above-mentioned permanent components of the exogenous variables (see Figures 4) into the unemployment equation (6d) we obtain the NRU trajectory shown in Figure 5 . Observe that this NRU is reasonably stable through time. It remained around 3% until the beginning of the 1970s, it rose gradually to 6% in the mid-1980s, and finally fell back to around 4% by the mid-1990s. In fact, when we conduct standard unit root tests we find that the NRU follows a stationary process.
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In this context, the movements of the NRU did little to account of the two large swings in the UK unemployment rate over the post-war period -the doubling of this rate over the first half of the 1980s and its falling back in the second half, followed by its rise and fall in the 1990s -as shown in Figure 5 . Instead, our analysis suggests, these swings are the outcome of prolonged dynamic responses to persistent shocks.
Concluding Thoughts
In the light of the chain reaction theory of unemployment, we interpret the longlasting deviations of UK unemployment from its empirical natural rate as the outcome of the interaction between shock persistence and persistence in the temporal propagation mechanisms. The latter, we have argued, arising from the complementary interactions among lagged labour market adjustment processes. The labour market shocks that have driven the temporal propagation mechanisms have been largely non-recurrent and are well-known. The first significant rise of UK unemployment in the mid-1970s came at the time of the first oil price shock; the next large increase took place in the early 1980s in the aftermath of the second oil price shock; the third occurred in the early 1990s in the wake of high interest rates and correspondingly low investment activity following German unification. There were of course other shocks occurring at these times as well, such as contractionary macroeconomic policies, skill-biased technological change, and the expansion of international trade. We argue that such shocks drove UK unemployment not primarily because they raised the static equilibrium unemployment rate, but because they led to a cumulation of very long adjustment processes.
We believe that this theme applies to various other European economies as well.
20 The conventional economic explanation of the European unemployment 19 In particular, using an Augmented Dickey-Fuller test we reject the null of a unit root at any conventional significance level (ADF 3 = −3:564 [Prob.= 0:006]). 20 See Henry and Snower (1996) . problem rests heavily on static reasoning. The long climb of the overall European unemployment rate over the 25 years is alleged to reflect a gradual rise of the empirically identifiable natural rate of unemployment.
A difficulty with this interpretation is that it is not easy to identify the factors that have driven the European natural rate upwards. In the 1970s, the increase in European unemployment was plausibly attributed to demographic changes (particularly the influx of women and young people into the labour market), a rise in unionization, increases in the prices of oil and other raw materials, increases in unemployment benefits and related welfare entitlements, more stringent job security legislation and other labour market regulations. But these could not have been dominant in pushing European unemployment upwards in the 1980s and 1990s, when real oil prices, union density, unemployment benefit entitlements, and labour market regulations either remained stable or declined. On this account, the later unemployment increase has commonly been attributed to other factors, such as rising interest rates, increasing tax rates, or long delayed responses to the expansion of welfare states in the 1960s and 1970s. With 20-20 hindsight it is of course always possible to find some plausible suspects that might be responsible for the growing unemployment problem, but the selective nature of this exercise has struck many observers as unsatisfactory.
Our approach avoids this difficulty since it is not difficult to identify the nonrecurrent, persistent shocks that can initiate a long-lasting chain reaction of unemployment effects.
Moreover, our approach may help explain a long-standing empirical puzzle about the time series properties of unemployment. The unemployment rates of most European countries -including the UK -follow an I(1) process over the postwar period. Over much longer spans of time, however, we know that these rates must be I(0), since unemployment rates never tend to 0% or 100%. One of the big challenges in unemployment theory is to provide an explanation that reconciles the I(1) property of unemployment rates in the medium run with their I(0) property in the long run.
The natural rate and NAIRU models explain the I(1) medium-run behavior by relating the unemployment rate to exogenous variables (such as union density or interest rates) that follow I(1) processes, but they shed no light on the longrun properties of the unemployment time path. In that analytical framework, the unemployment rate trends upwards when the underlying exogenous variables are trended themselves. The hysteresis models, by contrast, explain the I(1) movements of unemployment by appeal to the unit root of the unemployment process; but they, too, offer no account of why unemployment is I(0) in the longrun.
Our analysis points to a different course. It identifies a long-run unemployment equilibrium that is rather stable through time and thus follows an I(0) process -in line with our knowledge that unemployment is stochastically stationary in the long run. But at the same time our analysis also suggests how the effects of persistent shocks, operating through interacting lagged adjustment processes, may have very prolonged effects on unemployment -moving unemployment along a time path that follows an I(1) process.
It may be argued that, due to the persistence of the shocks and the persistence of their after-effects, the unemployment rate may look as if it is unstable or trending upwards over a span of one or two decades, when it is actually just following a medium-run trajectory that diverges substantially from the stochastically stable long-run equilibrium unemployment rate. It is possibly on this account that the unemployment rate appears to follow an I(1) process over sample periods of a few decades -the sample periods usually considered in the empirical studies of the natural rate and hysteresis -whereas it is trendless and stationary in the much longer run.
Finally, it is important to note that our analysis should not be discounted as merely a "reinterpretation" of UK unemployment movements. How we interpret the unemployment fluctuations has far-reaching policy implications. If, at one extreme, the fluctuations reflect primarily changes in the empirically identifiable natural rate -representing the equilibrium unemployment rate that is achieved once all the lagged adjustment processes have worked themselves out -then policy makers should focus attention on measures that promise influencing the NRU; by the same token, measures that just affect the labour market's speed of response to shocks are largely irrelevant to the task of dealing with the unemployment problem. If, at the other extreme, the NRU is reasonably stable through time and the lengthy fluctuations are due primarily to prolonged adjustments to persistent shocks, then measures which affect the adjustment speed of the labour market are central to the management of unemployment, even if these measures have little impact on the NRU.
Most of the recent empirical studies of the UK labour market (such as Minford (1994) and Joyce and Wren-Lewis (1991)) tell a story that lies much closer to the first than the second. Our empirical model is a preliminary attempt to reexamine this story. It suggests that lagged labour market adjustment processesparticularly when they interact with each other and with the dynamic structure of labour market shocks -have an important role to play in explaining the long swings of UK unemployment. 
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The restriction that the long-run elasticity of population is unity (coef.of Z t = −coef.of L t−2 ) cannot be rejected at the 5% size of the test 
